A mathematical expression for oxygen-induced death of dehydrated bacteria is reported. Data in the literature for Serratia marcescens SUK were analysed and the expression describes viability changes over a range of lo4, oxygen concentration effects over a range of 400 and the effect of time up to 3 h. The expression should apply to the oxygen-induced death of other dehydrated bacteria.
(a For the work of Cox & Heckly (1973) two sources of Serratia marcescens 8ul.r were used (labelled ~U K / I and 8~~/ 2 ) , because even though the original strain of ~U K came from Fort Detrick, Maryland, U.S.A., the subsequent histories of strains ~U K / I and 8 u~/ 2 were different and these gave rise to populations having different survival characteristics. One of the difficulties with their set of experimental data was that unlike strain 8~~/ 2 , strain ~U K / I was not completely stable in the absence of oxygen. For analysis, the experimental data obtained with ~U K / I had to be corrected for this effect. Moreover, since the kinetics of viability loss in the absence of oxygen are not completely understood, this correction had to be empirical in nature and was based on taking ratios of survival in the presence of oxygen to survival in a vacuum.
The data obtained by Hess (1965) , Dewald (1966) and Cox & Heckly (1973) all show that, as the oxygen concentration increased, the kinetics with respect to oxygen concentration were first order at low oxygen concentration (i.e. logarithm of the viability at a given storage time was directly proportional to oxygen concentration) and zero order at high oxygen concentration (i.e. logarithm of the viability at a given storage time was independent of oxygen concentration). This phenomenon is indicated in Fig. I for data obtained by Cox & Heckly (1973) with Serratia nzarcescens 8 u~/ 2 at 3 h storage time. The relationship between viability and storage time is more complex in that the slope of the curve of log viability versus time is constant at low oxygen concentrations (Hess, 1965) , while at higher oxygen concentrations the slope of the curve decreases with time (Hess, 1965; Dewald, 1966; Cox & Heckly, 1973) .
MATHEMATICAL ANALYSIS
In an attempt to derive a mathematical expression which would describe all of the above observations, the analogy with the enzyme kinetic relationship between velocity of reaction and substrate concentration was used to account for the observed effects of oxygen concentration upon viability.
It was assumed that a complex formed between oxygen and a carrier X , i.e. and that this complex then caused a substance, A , to become oxidized without the formation of a ternary complex, i.e.
It is postulated that the substance A is essential for bacteria to be viable and that in its oxidized state, AO,, it is biologically inactive.
The differential equations describing the reactions listed above can only be integrated numerically. However, if d[XO,]/dt = 0, the differential equations can be analytically integrated to give equation (3) 
where,
According to the postulate, viability must be related to the concentration term [ A ] . Equation (3) shows that -In [A] is proportional to t, yet the slope of the curve of log viability versus time decreases with time. This is accounted for because the relationship between viability and [A] is of the form,
Given the statements, PDNL = -SNL where Po = probability that a bacterium will die, NL = number of live bacteria,
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it follows that, Combining equations (3) and (4) gives,
It is assumed that in a population of bacteria there is a distribution of values of the concentration terms [A] and [XI, and that [A],, [A] and [XI, represent some average value for the concentrations of species A and X . If this were not so, then it is difficult to see why all dehydrated bacteria exposed to oxygen do not all die at the same time.
It is possible that equations other than (5) could be derived to account for oxygen-induced loss of viability. However, if viability is related to the concentration of some species A, then equation (4) applies. Also, the observation that the effect of increasing oxygen concentration approaches a definite limit has to be explained. Provided that these two statements are accepted, then a reaction mechanism differing fundamentally from that given in equations ( I ) and ( 2 ) is by no means obvious.
An ICL 1905 computer was used in the analyses. The programme determined the values of K,[A],, k [ X ] , and K,. by minimizing (using the method of Rosenbrock, 1960 ) the residual sum of squares of values obtained when log predicted viability was compared with log observed viability. It was assumed that this method gave the best fit between observed and predicted viabilities.
RESULTS
The results for each set of data are presented in Fig. 2 to 5 and the values of the parameters (i) the similar effects of 5 and IoO, (, oxygen are accurately accounted for (Fig. 2); (ii) in Fig. 4 viabilities of the order of 0-01 9'0 were obtained, i.e. equation (5) 
D I S C U S S I O N
The analyses indicate that the available data for oxygen-induced death of Serratia marcescens ~U K can be described in terms of equation (5). But, such a finding is, of course, no proof that the mechanism on which this equation is based is the one occurring in nature. The variation in the value of K, indicates that the ability of species X to combine with oxygen was different for the sets of data analysed. A small value of K, indicates a high affinity between species X and oxygen. The values of K , [ A ] , were somewhat similar for the data analysed, and indicate that a large value of K,[A], is indicative of sensitivity to oxygen. The values of k [ X ] , were virtually the same for data obtained at 0 % r.h. (Fig. 2 to 4) . The results for the studies at 409:~ r.h. (Fig. 5 ) suggest that the effect of r.h. upon oxygen-induced death might be through the effect of humidity upon k.
E,upression for 0,-induced death
The expressions unfortunately cannot indicate the nature of species A or X , although lipids, -SH groups and metal ions might be involved (Haugaard, 1968) . Experimental data concerning D N A synthesis showed that this reaction was not inactivated by oxygen (Benbough, 1967; Cox et d. 1971) . Also, the ability to metabolize oxygen was the same for Esclwrichia coli aerosolized into air and into nitrogen, i.e. there was no effect on oxygen uptake caused by loss of viability induced by oxygen (Cox et a/. 1971) . These results in conjunction with those of Cox & Baldwin (1966) , which showed that E. coli B killed by oxygen can still reproduce phage T7, indicate that the toxic action of oxygen could cause inhibition of cell wall synthesis and/or cell division. Such a mechanism is entirely consistent with the finding that Semliki Forest virus and phage OX 174 (Cox, unpublished data), poliovirus (de Jong & Winkler, 1968) and Semliki Forest virus, Langat virus, phage T7 and poliovirus (Benbough, 1971) , are not inactivated in the aerosol form by oxygen. 
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Other experimental data, such as the effect of growth conditions in a chemostat upon subsequent survival of bacteria, might indicate moieties involved in loss of survival induced by oxygen, because the composition of bacteria can be altered, for example, by fixing the dilution rate and varying the growth temperature. The use of the heavy isotope of oxygen also might indicate the nature of species X and possibly A .
In conclusion, the equations discussed here can describe observed viability changes over a range of 104, oxygen concentration effects over a range of 400 and the influence of time up to 3 h. The equations so far have only been applied to Serratia marcescens ~U K .
The possibility of more general application requires survival data for other bacteria.
